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Antibodies for identifying and/or isola-ting at: least, one cell 
population which is selected from the group comprising haemato- 
poietic stem cells, neuronal stem cells > neuronal precursor 
cells, mesenchymal stem cells and mesenchymal precursor cells 

Background of the Invention 

Field of the Invention 

The present invention relates to a monoclonal antibody, or a 
fragment thereof, for isolating and/or identifying at least one 
cell population which is selected from the group comprising 
haematopoietic stem cells, neuronal stem cells, neuronal pre- 
cursor cells, mesenchymal stem cells and mesenchymal precursor 
cells . 

The term "stem cell" denotes, in a general manner, any cell 
which has not yet differentiated and which possesses the abil- 
ity both to produce identical descendants and to differentiate 
into specific developmental lines. 
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Adult stem cells have the function of maintaining cell number 
homeostasis in the tissue concerned, i.e. of replacing cells 
which have died. For this reason, stem cells are particularly 
to be found in tissues which are subjected to high stresses. 
Adult stem cells have been found in a very wide variety of 
tissues and organs, such as, for example, bone marrow, brain, 
liyer, skin, intestine, cornea> etc. 

In the bone marrow, haematopoietic stem cells produce new cells 
continuously since these latter cells are constantly required 
in the blood owing to the limited life span of most of the 
cells - 

The starting point for the formation of blood cells is the 
pluripotent, undifferentiated haematopoietic stem cell which is 
still not determined for a specific function. When stem cells 
differentiate, precursor cells, which are unable to replicate 
themselves and only bring a specialized cell type to maturity, 
are formed first of all. Neither the pluripotent stem cell nor 
the different intermediate stages are able to fulfil cell- 
specific haematopoietic functions; it is only the cells which 
have matured which are able to do this. Progenitor cells which 
have entered upon a particular differentiation route then also 
keep to this route until maturation is achieved (commitment). 

In addition to stem cells for haematopoietic cells, stem cell- 
like cells which are progenitors of nonhaematopoietic tissues 
are also present in the bone marrow. These progenitors of non- 
haematopoietic tissues were originally termed, inter alia, 
tissue culture plastic-adherent cells and have more recently 



been termed either mesenchymal stem cells or bone marrow stroma 
cells (MSGS). 

These cells are of interest not only because of their multipo- 
tency as regards differentiation; they are also of interest, 
for example, for their possible use in cell therapy and gene 
therapy . 

The fact that, under certain conditions, mesenchymal stem cells 
can also differentiate into nerve cells means that, inter alia, 
there is a need to be able to distinguish these mesenchymal 
stem cells from neuronal progenitor cells. 

These neuronal progenitor cells (termed NPCs below) are found 
in the central nervous system. They also express Nestin and are 
able to differentiate into neurones, astrocytes and oligoden- 
drocytes . 

Neuronal progenitor cells are CD133-positive ; this cell surface 
marker was originally found on haematopoietic stem cells . How- 
ever, it has recently been shown that this marker is also ex- 
pressed by nervous tissue and skeletal muscle tissue- For these 
reasons, this marker is not suitable for distinguishing between 
different stem cells or progenitor cells on its own. 

Since, as has been mentioned, haematopoietic stem cells con- 
tinuously generate new cells in the bone marrow, stem cells 
coexist with the progenitor cells at the same time in the bone 
marrow. In the bone marrow, these cells are present in a com- 
plex arrangement, thereby making it difficult to identify rare 
cells. Stem cells and their direct descendants express a pheno- 
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type which is virtually identical. For these reasons, it is not 
possible, either, to identify an ultimate stem cell simply on 
the basis of visible features. 

The frequency of stem cells in the bone marrow is from 1 x 10"^ 
to 1 X 10"®. In addition, the stem cells are as a rule widely 
scattered in the given tissue, which means that they are diffi- 
cult to detect. 

As has been mentioned above, haematopoietic stem cells divide, 
under certain conditions, into progenitor cells whose further 
differentiation is to some degree already determined- Depending 
on the nature and quantity of the cytokines which are present, 
these myeloid and lymphoid progenitor cells can in turn gener- 
ate a variety of other progenitor cells which are, however, no 
longer able to replicate themselves. Examples of cytokines 
which regulate haematopoiesis are granulocyte colony- 
stimulating factor (G-CSF), macrophage colony-stimulating fac- 
tor (M-CSF), several interleukins , stem cell factor (SCF), 
erythropoietin ( EPO ) , etc . 

In order to investigate the haematopoietic (blood cell-forming) 
potential of stem cells, relevant human cell populations are 
transplanted into immunodef icient mice (NOD/SCID mice). If the 
transplanted cells are stem cells, it is then possible to de- 
tect human haematopoiesis in addition to the murine haematopoi- 
esis. This in-'Vivo assay is used to characterize and identify 
stem cells by in fact analysing the progeny of individual 
cells . 
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Related Prior Art 

As can be seen from the above, haematopoietic stem cells pos- 
sess great therapeutic potential and are used in patients in 
whom the immune system is impaired or completely destroyed. 

FACS (fluorescence-activated cell sorter) can be used, for 
example, to purify . .haematopoietic stem cells from the bone 
marrow. This purification depends on the presence, on the stem 
cells, of particular cell surface proteins which distinguish 
the haematopoietic stem cells and the progenitor cells from 
other cell types and on the absence of other cell surface pro- 
teins, these latter proteins then being characteristic for 
differentiated haematopoietic cells. Each of the surface pro- 
teins binds a different monoclonal antibody, with each of these 
antibodies being conjugated to a different fluorescent dye, 
thereby making it possible to use FACS to separate the cells. 

The cell surface marker CD34, in particular, has been used in 
the past for isolating haematopoietic stem cells. 

In addition, antibodies directed against the antigen CD133 have 
recently been used for characterizing haematopoietic stem 
cells. Miraglia et al., "A novel f ive-transmembrane hematopoi- 
etic stem cell antigen: isolation, characterization and molecu- 
lar cloning''. Blood 90: 5013-5021, (1997) have shown that this 
antigen is a 120 kDa glycoprotein which possesses five trans- 
membrane domains and which is expressed not only on haematopoi- 
etic stem cells and their progenitors but also on neuronal and 
endothelial stem cells. 



6 



CD133 antibodies are used, in addition to the conventional CD34 
antibodies, for positively selecting haematopoietic stem cells 
and progenitor cells on a clinical scale. CD133 is only ex- 
pressed on CD34''''^^**^ (high fluorescence intensity) stem cells 
and progenitor cells* 0034''''^^*'^ CD133-positive cells are in the 
main negative for other erythroid progenitor cell markers such 
as CD36 and glycophorin A. In addition to stem cells which 
induced human haematopp ies is in the NOD/ SCip mouse, mode 1 , the 
majority of granulocyte/ macrophage progenitor cells have also 
been found in CD133-positive fractions derived from human bone 
marrow and peripheral blood. 

Summary of the invention 

In view of the above, it is an object of the present invention 
to provide a novel monoclonal antibody which can be used to 
selectively isolate and/or characterize particular cell popula- 
tions , in particular haematopoietic stem cells and also neu- 
ronal and mesenchymal stem and progenitor cells. 

According to the invention, this object is achieved by means of 
a monoclonal antibody, or a fragment thereof, with the anti- 
body, or the fragment thereof, binding to the same antigen as 
does an antibody which is produced by the hybridoma cell lines 
as CUBl, CUB2, CUB3 and CUB4 , which were deposited in the 
Deutsche Sammlung fur Mikroorganismen und Zellkulturen [German 
collection of microorganisms and cell cultures] (DSMZ), in 
accordance with the Budapest treaty, under the numbers 
DSM ACC2569, DSM ACC25 66 and DSM AC2565, on 14. 08 ,2002, and 
DSM ACC2551, on 12 •07. 2002. 
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The object underlying the invention is fully achieved in this 
way. 

The inventors were able to demonstrate, in their own experi- 
ments, that it is possible to use the novel antibodies accord- 
ing to the invention to isolate and characterize haematopoietic 
stem cells, mesenchymal stem cells and progenitor cells and 
neuronal stem cells and progenitor cells. In additibn to this, 
the selectivity of the novel antibodies was found to be similar 
to that of an antibody directed against CD133. 

One object of the invention relates, in particular, to mono- 
clonal antibodies, or fragments thereof, which are produced by 
the hybridoma cell lines CUBl, CUB2 , CUB3 and CUB4. 

The inventors were surprisingly able to isolate the antibodies 
using the antigen CDCPl. 

CDCPl is a plasma membrane protein which possesses three poten- 
tial "CUB" domains. These domains are immunoglobulin-like do- 
mains which are designated by the initial letters of the first 
three molecules possessing such domains which were identified. 
Proteins which possess these domains are known to be preferen- 
tially expressed in the embryonic stage and in early develop- 
mental stages. 

The CDCPl gene encoding this protein ("CUB domain-containing 
protein") has been described by Scherl-Mostageer et al., "Iden- 
tification of a novel gene, CDCPl, overexpressed in human colo- 
rectal cancer". Oncogene 20: 4402-4408, (2001). This research 
group showed that this protein, or its mRNA, is strongly over- 
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expressed in cancer types or tumours such as intestinal cancer 
and lung cancer. On the basis of its three-dimensional struc- 
ture, it was identified as being a transmembrane protein which 
possessed three CUB domains in the extracellular domain, and 
the authors proposed that it was involved, in particular, in 
cell adhesion or interaction with the extracellular matrix (see 
Scherl-Mostageer et al.)- 

However, the possibility that this protein might also be ex- 
pressed, in particular, on primitive haematopoietic stem cells 
in the bone marrow and peripheral blood and also on mesenchymal 
or neuronal stem cells and progenitor cells is neither reported 
nor suggested in this publication. 

Instead of the antibody which is in each case mentioned, it is 
according to a further object also possible, within the context 
of the present invention, to use a fragment of the antibody 
without this in each case being expressly mentioned. In this 
connection, "fragment" is understood as meaning any fragment of 
the antibody which retains the antigen-binding function of the 
antibody. Examples of such fragments are F^b/ F(ab')2' 

and 

other fragments such as CDR ("complementarity-determining re- 
gion", hypervariable region) fragments. The said fragments 
exhibit the binding specificity of the antibody and can also be 
prepared recombinantly , for example using known methods. 

The inventors were able to demonstrate that it is unexpectedly 
possible to use the antibodies which are directed against the 
plasma membrane protein CDCPl to selectively characterize and 
isolate haematopoietic stem cells and mesenchymal and neuronal 
stem cells and progenitor cells. 
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When these novel antibodies were used to identify haematopoi- 
etic stem cells, it was found that the antibodies exhibited a 
selectivity which was superior to that of antibodies which are 
directed against CD34 and which is similar to that of the anti- 
body which is directed against CD133. 

. For . this . reason , the novel antibodies or f ragments thereof , 
provide advantageous alternatives to the CDS 4 antibody when 
identifying or isolating haematopoietic stem cells • 

Such monoclonal antibodies can be prepared using conventional 
methods (see Kohler and Milstein, "Continuous cultures of fused 
cells secreting antibody of predefined specif ity". Nature 
256:4 95-497, (1975)). According to this method, an animal is 
immunized with an antigen, the antibody-producing cells are 
isolated from the animal and these antibody-producing cells are 
fused with an immortal cell line. The resulting hybridoma cell 
lines are screened to determine whether they are able to pro- 
duce an antibody against the antigen which was used for the 
immunization . 

According to an object of the invention, the antibodies accord- 
ing to the invention also now make it possible to prepare fur- 
ther antibodies which bind to the same antigen. Using the anti- 
bodies according to the invention, it is possible to employ 
well known methods to isolate the corresponding antigen struc- 
tures and to develop further monoclonal antibodies against the 
same antigen structures, with the known methods being employed 
in this case as well. 
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One object of the invention furthermore relates to hybridoma 
cell lines which are able to produce and release this type of 
antibody, in particular the hybridoma cell lines CUBl, CUB2, 
CUB3 and CUB4. 

In providing the novel antibodies, the inventors have, for the 
first time, made available monoclonal antibodies, as well as 
hybridoma cell lines which produce and release these antibod- 
ies, which make it possible to selectively detect cell popula- 
tions which are expressing the CDCPl antigen. The antibodies 
therefore constitute a means, which is thus far unique and has 
many uses, for the physician and research worker to detect 
these types of cells, on the one hand, and, on the other hand, 
to manipulate these cells, where appropriate, either using the 
antibodies themselves or using reagents which are coupled to 
them. 

Another object of the invention furthermore relates to a method 
for isolating and/or identifying at least one cell population 
which is selected from the group consisting of haematopoietic 
stem cells, neuronal stem cells, neuronal progenitor cells, 
mesenchymal stem cells and mesenchymal progenitor cells using 
an antibody, or a fragment thereof, with the antibody, or the 
fragment thereof, binding to the same antigen as does an anti- 
body which is produced by the hybridoma cell lines CUBl, CUB2, 
CUB3 and CUB4, which were deposited in the DSMZ , in accordance 
with the Budapest treaty, under the numbers DSM ACC2569, 
DSM ACC2566 and DSM ACC2565, on 14.08.2002, and DSM ACC2551, on 
12.07.2002. 
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In another embodiment and according to yet another object, the 
method according to the invention uses an antibody, or a frag- 
ment of an antibody, which is produced by the hybridoma cell 
lines CUBl, CUB2, CUB3 and CUB4 . 

Another object of the invention furthermore relates to a method 
for isolating and/or identifying at least one cell population, 
which is selected from the group consisting of haematopoietic- 
stem cells I neuronal stem cells, neuronal progenitor cells, 
mesenchymal stem cells and mesenchymal progenitor cells, using 
an antibody, with the method comprising the following steps: 

(a) bringing a sample of a cell suspension which 
contains at least one cell population into contact 
with the novel monoclonal antibody, or a fragment 
thereof , and 

(b) isolating and/or identifying the cells which are 
linked to the novel monoclonal antibody or to the 
fragment thereof. 

Yet another object of the invention furthermore relates to a 
method for isolating and/or identifying at least one cell popu- 
lation, which is selected from the group consisting of haemato- 
poietic stem cells, neuronal stem cells, neuronal progenitor 
cells, mesenchymal stem cells and mesenchymal progenitor cells, 
using an antibody, with the method comprising the following 
steps : 

(a) bringing a sample of cell suspension which 
contains at least one cell population into contact 
with the novel monoclonal antibody, or a fragment 
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thereof, and with at least one additional antibody 
which binds to at least one of the cell populations, 
and 

(b) isolating and/or identifying the cells which are 
linked to the monoclonal antibody, or to the frag- 
ment thereof, and to the additional antibody. 

In this connection, the bringing into contact of. a cell, mixture 
with the antibody can according to a further object be effected 
in solution as is the case, for example, when using a flow 
cytometer (= fluorescence-activated cell sorter (FACS)). 

Described in a general manner, cells are loaded, in flow cy- 
tometry, with antibodies which are on the one hand specific for 
a surface marker and on the other hand coupled to a fluorescent 
dye. The cells which are marker-positive fluoresce while the 
negative cells remain dark. It is therefore an object and pos- 
sible to ascertain what proportion of a cell population is 
marker-positive. At the same time, a flow cytometer makes it 
possible to record the size and granularity of cells. 

It is also an object and possible to use a method for magnetic 
cell separation (MACS, magnetic cell sorting) . In this method, 
the cells are labelled with magnetic beads, with it being pos- 
sible for these beads to be coupled to the antibodies, for 
example. 

In addition, the bringing into contact can according to a fur- 
ther object also be carried out by immobilizing the monoclonal 
antibody on a support as is the case, for example, in column 
chromatography . 



13 



The cell suspension can according to one object be any solution 
containing bone marrow cells, blood cells or tissue cells. 

After the cell suspension has been mixed with the antibody, the 
cells which are expressing the CDCPl antigen bind the antibody, 
after which these cells can, in contrast to the cells which 
have not. bound any . antibody, be identified and/or isolated 
using the described methods. 

In the method which was disclosed last, use is furthermore made 
of an additional antibody which also recognizes the cells . This 
antibody can according to one object, for example, be an anti- 
body which is directed against the CD90 marker, in the case of 
neuronal progenitor cells, and be an anti-CD34 antibody, for 
example, in the case of haematopoietic cells. Using an addi- 
tional antibody makes it possible to isolate/identify specific 
subpopulations, which consequently bind both the novel antibody 
and additional antibodies, in particular antibodies which are 
already known. This method can according to one object be used, 
for example, to characterize the cells more precisely with 
regard to their surface markers. 

The cell populations which have been isolated by the methods 
can according to a further object then be used to repopulate, 
by means of transplantation, the bone marrow in immunosup- 
pressed or immunodef ective patients. 

One object of the invention furthermore relates to the use of 
the novel antibodies, or fragments thereof, for isolating 
and/or identifying at least one cell population which is se- 
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lected from the group consisting of haematopoietic stem cells, 
neuronal stem cells, neuronal progenitor cells, mesenchymal 
stem cells and mesenchymal progenitor cells. 

According to yet another object, particular preference is given 
to using the novel antibodies, or fragments thereof, in connec- 
tion with analysing patient samples, in particular tissue biop- 
sies, bone marrow biopsies and/or blood .samples , and/ in par- 
ticular, when classifying leukaemias. 

In the present instance, it has been possible to use the novel 
antibodies to detect expression of the corresponding antigen on 
leukaemia blasts as, for example, in the case of acute lym- 
phatic leukaemia (ALL) , acute myeloid leukaemia (AML) and 
chronic myeloid leukaemia (CML). 

According to another object, the invention furthermore relates 
to the use of the CDCP-1 protein and/or of the nucleic acid 
which encodes the CDCP-1 protein for preparing antibodies, or 
fragments thereof, for isolating and/or identifying haematopoi- 
etic stem cells . 

According to yet another object, the invention furthermore 
relates to a pharmaceutical composition which comprises at 
least one novel antibody, or fragments thereof. 

In addition to the antibody, which represents the active com- 
pound in the composition, this composition can according to 
another object also comprise suitable buffers, diluents or 
additives. Suitable buffers include, for example, Tris-HCl, 
glycine and phosphate, while suitable diluents include, for 
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example/ aqueous solutions of NaCl, lactose or mannitol. Suit- 
able additives include, for example, detergents, solvents , 
antioxidants and preservatives. A review of the substances 
which can be used for compositions of this nature is given, for 
example, in: A. Kibbe, "Handbook of Pharmaceutical Excipients", 
3rd Ed., 2000, American Pharmaceutical Association and Pharma- 
ceutical Press. 

According to a further object, the invention furthermore re- 
lates to a kit which comprises at least one novel antibody, or 
fragments thereof . 

Further advantages ensue from the enclosed figures and the 
description. 

It will be understood that the features which are mentioned 
above, and those which are still to be explained below, can be 
used not only in the combination which is in each case speci- 
fied but also on their own or with other combinations without 
departing from the scope of the present invention. 

Brief Description of the Drawings 

Embodiments are depicted in the enclosed drawings and are ex- 
plained in more detail in the description, in which: 

Fig. la shows the reactivity of the antibodies according to the 
invention with wild-type cells; 

Fig. lb shows the reactivity of the antibodies according to the 
invention with transf ectants ; 
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Fig. 2a shows the coexpression of CD34 and CDCPl on bone marrow 
cell populations (cells labelled with CD34-FITC) and 
CDCPl -PE (CUB 1)); 

Fig. 2b shows bone marrow cells in a CD34 versus CD38 plot and 
gating on the stem cell population (bone marrow cell 
. populations \ labelled with Gp38-FITC> ; CPCPl-PE^ CD34- 
PerCP and CD133-APC); 

Fig. 2c shows the coexpression of CDCPl and CD133 on 
CD34*/CD38' bone marrow stem cells; 

Fig. 3 shows the expression of CDCPl on mesenchymal stem 
cells ; 

Fig. 4a shows the expression of CDCPl on neuronal stem cells; 
and 

Fig. 4b shows the coexpression of CDCPl and CD90 on neuronal 
stem cells. 

Detailed Description 

Preparing trans fectants 

Starting with the cloning vector pBluescript II SK(+), into 
which the coding region of human CDCPl had been cloned (ob- 
tained from Boehringer Ingelheim/Vienna ) , the coding sequence 
was subcloned into a pRK vector (PharMingen, San Diego, USA) 
and, at the same time, a five-fold myc-epitope (13 amino acids 
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of the c-myc protein) was attached C-terminally . The pRK-CDCPl- 
myc5 DNA was cotransf ected, together with a puromycin resis- 
tance plasmid (pSVpacAp: de la Luna et al., "Efficient trans- 
formation of mammalian cells with constructs containing a puro- 
mycin-resistance marker". Gene, 62(1): 121-126, 1988) into NIH- 
3T3 mouse cells using the CaClj method. 

After individual puromycin-resistant cells had been cloned, 
expression of the CDCDPl-myc5 protein in the transfected cells 
was detected by Western blotting using an anti-myc antiserum. 
The clone NIH-3T3/huCDCPl was subsequently selected. 

Immunization 

Two Balb/c mice were immunized four times intraperitoneally 
with approx. 5 - 10 x 10^ NIH-3T3/huCDCPl cells using a stan- 
dard protocol. Three to four days after the last immunization, 
the spleen was removed and the spleen cells were fused with 
SP2/0 myeloma cells using a standard protocol- The cell culture 
supernatants from growing, HAT-resistant hybridoma cells were 
tested by FACS analysis both on the transf ectants and on the 
wild-type cell lines (NIH-3T3). 

Supernatants which reacted selectively with the transf ectants 
but not with the wild-type cell line NIH-3T3 were judged to be 
specific for CDCPl. The corresponding hybridoma cells were 
cloned (limiting dilution) and positive clones were selected. 
Four clones (CUBl, CUB2 , CUB3 and CUB4 ) which reacted selec- 
tively with NIH-3T3/huCDCPl cells were obtained (isotypes: one 
IgG2b (CUBl] and three IgG2a (CUB2-4]). 
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The histograms in Fig. la show that the four antibodies did not 
react with the wild-type cell. Fig. lb shows histograms in 
which the reactivity of the four antibodies CUBl, CUB2, CUB3 
and CUB4 with the transf ectants is clearly depicted by the 
second, dark peak which is present in each case. 

Investiaating the reactivity of the antibodies on peripheral 
blood cells v v . - 

The reactivity of the antibodies on peripheral blood cells was 
tested first of all. The results of these investigations are 
shown in Table 1 below. 

It was found that CD3* T lymphocytes, CD20* B lymphocytes, CD56* 
NK cells, CD14* monocytes, neutrophilic granulocytes, Siglec-8* 
eosinophilic granulocytes, CD235a* erythrocytes and CD61* plate- 
lets were negative for CDCPl. 

Table 1: Reactivity of the CDCPl-specif ic antibody CUBl on 
peripheral blood cells 



Cell type 


Reactivity 


T lymphocytes (CD3*) 




B lymphocytes (CD20*) 




NK cells (CD56*) 




Monocytes (CD14*) 




Neutrophilic granulocytes (CD15*) 




Eosinophilic granulocytes (Siglec-8*) 
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Basophilic granulocytes (CD203c*) 




Erythrocytes ( CD2 35a* ) 




Platelets (CD61*) 





The results of the reactivity of the antibodies on various cell 
lines, which are listed horizontally, are shown in Table 2 
below: ..The four antibbdiies tested, i.e: GUBl to C]IJB4, are 
listed vertically. 

(Description of the cell lines: 

K-562: erythroleukaemia; WERI-RB-1: retinoblastoma; BV-173: 
Pro-B cell leukaemia; HEL: erythroleukaemia; HL-60: promyelo- 
cytic leukaemia; KU-812: basophilic leukaemia; HepG2: hepato- 
cellular carcinoma; MOLT-4: T-lymphocytic leukaemia). 

Table 2: Reactivity of the CDCPl-specif ic antibodies CUBl, 
CUB2, CUB3 and CUB4 on various cell lines 





CD34- 
Tf* 


CD133- 
Tf* 


K-562 


WERI- 
RB-1 


BV-173 


HEL 


HL-60 


KU-812 


Hep-G2 


MOLT-4 


CUBl 






+ 
















CUB2 






+ 
















CUB3 






















CUB4 























*Tf = Transfectant 

It was found that all the cell lines tested were negative for 
CDCPl apart from K-562. Scherl-Mostageer et al. have already 
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shown that K-562, an erythroleukaemic cell line, expresses 
CDCPl mRNA. 



Further investigations were carried out into the correlated 
expression of CDCPl and the other stem-cell markers CD34 and 
CD133 on various subsets of leukaemia blasts. The results ob- 
tained in these investigations are summarized in Table 3 below. 
The expression patterns werie . obtained by means of standard 
immunofluorescence labellings, using the antibodies, and then 
carrying out FACS analysis. 



The analysis showed that CDCPl is an independent marker in 
relation to the other stem cell markers since its expression is 
not necessarily correlated with that of the other markers. 
Frequent coexpression of all three stem cell markers can be 
seen, in particular, in the case of the myeloid leukaemias (AML 
and CML ) . 



Table 3: Expression of CDCPl on leukaemia blasts 





ALL 

(B-ALL,, Pro- 
B-ALL, Pre-B- 
ALL, C-ALL 


AML 

(M1-M5) 


ca4L 

(Blast crisis) 


CD3 4*CD13 3*CDCP1* 


2/20 


4/11 


4/10 


CD3 4*CD13 3*CDCP1- 


5/20 


2/11 


0/10 


CD3 4*CD13 3"CDCP1* 


1/20 


1/11 


2/10 


CD34*CD133-CDCP1- 


7/20 


0/11 


2/10 


CD34-CD133*CDCP1* 


0/20 


2/11 


0/10 


CD34"CD133*CDCP1" 


0/20 


0/11 


0/10 


CD34~C013 3~CDCP1'^ 


1/20 


0/11 


1/10 
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CD34-CD13 3-CDCPl- 


4/20 


2/11 


1/10 



In the table, ALL denotes acute lymphatic leukaemia while AML 
denotes acute myeloid leukaemia and CML denotes chronic myeloid 
leukaemia (the additional designations are classification and 
characterization designations which are customarily used for 
the acute leukaemias ) . 

The novel antibodies can consequently be used, for example, in 
routine diagnoses in connection with leukaemias. 

Investiaating the reactivity of the antibodies on bone marrow 
cells 

The reactivity of the antibodies with bone marrow cell popula- 
tions was subsequently investigated. It turned out that CDCPl 
is exclusively expressed on CD34* stem cells and not on other 
populations (see Fig. 2a). The FACS-sorted CDCPl^ fraction 
consisted almost entirely of immature blasts and immature colo- 
nies: CFU-GM (colony-forming unit granulocyte macrophage), BFU- 
E (burst-forming unit erythroid) CFU-GEMM (colony-forming unit 
granulocyte-erythroid-macrophage-megakaryocyte ) . 

Figs. 2b and 2c show the results of a four-colour analysis of 
bone marrow cells. 

In order to carry out the four-colour analysis, the cells were 
labelled with the following antibody conjugates: CUBl-PE (phy- 
coerythrin), CD133-APC (allophycocyanin) , CD38-FITC (fluo- 
rescein isothiocyanate ) and CD34-PerCP (peridin chlorophyll A 
protein) . 
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In the plot in Fig. 2b, CD34 is plotted against CD38. Stem 
cells are found in the rare CD34*/CD38'' fraction (Terstappen and 
Huang "Analysis of bone marrow stem cell". Blood Cells 20(1): 
45-61, 1994). In the plot in Fig. 2b, this population is shown 
in the "R2 -region". 

In the plot in Fig. 2c/ .CpCPl is plotted aiigaiiist CD133. This 
plot depicts the cells which can be seen in the "R2" region in 
the plot in Fig. 2b. Fig. 2c shows that essentially all the 
CD34*/CD38'" stem cells coexpress CDCPl and CD133. 

In other experiments, the inventors were able to demonstrate 
that, 6 weeks after CDCPl -positive cells had been transplanted 
into NOD/SCID mice, human CD45+ cells had formed in the bone 
marrow of the mice. (CD45* is a marker for haematopoietic 
cells ) . This consequently proves that the cells which are iso- 
lated using the novel antibodies are able to carry out haemato- 
poiesis. 

Investiqatinq the reactivity of the antibodies on neuronal and 
mesenchymal stem cells 

In other experiments, the reactivity of the antibodies towards 
neuronal and mesenchymal stem cells was investigated. 

Commercially available foetal neuronal progenitor cells (in the 
following NFC) and mesenchymal stem cells, obtained from Cell- 
Systems, St. Katharinen, Germany, were used for this purpose. 
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In Fig. 3, the second dark peak in the histogram shows that the 
CUB2 antibody reacts with mesenchymal stem cells. The histogram 
in Fig. 4a shows the reactivity with NPC, with the antibody 
CUB2 in this case being labelled with PE (phycoerythrin) . 

In order to carry out the coexpression analysis, the cells were 
labelled with the following antibody conjugates: CUBl + 
algG2bPE (phycoierythrin) and CD90-APC . (allophycocyanin) . CD90 
is known to be expressed on NPC (see, for example Vogel et al., 
"Heterogeneity among human bone marrow-derived mesenchymal stem 
cells and neural progenitor cells", Haematologica 88: 12 6-133, 
(2003) ) . 

In the plot in Fig. 4b, CDCPl is plotted against CD90. It can 
be seen that the majority of the NPC cells expressed CDCPl (in 
addition to CD90 as the "confirmation marker"). 

In summary, therefore, these data show that CDCPl is a novel 
marker for haematopoietic stem cells and for mesenchymal or 
neuronal stem cells/progenitor cells. It is possible to use the 
antibody according to the invention which is directed against 
this marker to select CDCPl-expressing stem cells in a simple 
manner and then, for example, transplant them for the purpose 
of repopulating. The antibody according to the invention is 
consequently of very great importance for selecting haematopoi- 
etic or mesenchymal and/or neuronal stem cells. In addition, it 
constitutes an outstanding alternative to the CD133 and CD34 
markers which are commonly used for selecting stem cells . 



Therefore, what I claim is: 



